Background: Annually, over 65,000 persons are diagnosed with head and neck cancer in the United States.
Introduction
Annually, more than 65,000 persons are diagnosed with head and neck cancer in the United States (US) (1) . Head and neck cancers arise from the oral cavity, pharynx, larynx, nasal cavity, paranasal sinuses, and salivary glands. The treatment of head and neck cancer is determined by the specific site of disease, stage of cancer, and pathologic findings (2) . In general, 30% to 40% of those diagnosed with early stage head and neck cancer receive singlemodality treatment of surgery or radiation therapy, whereas 60% of those diagnosed with locally or regionally advanced disease receive combined therapy of surgery, radiation, and chemotherapy (2) . The survival rate for head and neck cancer has steadily improved over the past 20 years; nearly 2/3 of patients diagnosed with head and neck cancer will live five years (3) . At the same time, the treatment has intensified, increasing the symptom burden from cancer and its treatment. During treatment, up to 50% of patients become severely symptomatic with pain, fatigue, mouth sores, and excessive oral mucus (4) . Consequently, patients' ability to perform daily activities and to interact socially is impaired, leading to treatment interruptions, such as skipping treatment or the need to decrease therapeutic doses of chemotherapy or radiotherapy or even premature termination of treatment. A retrospective study of a symptom management program for patients undergoing combined chemotherapy and radiation therapy showed that approximately 20% of participants had unexpected hospitalizations related to symptoms due to treatment toxicity and 25% had chemotherapy dose reductions (5) . Long term complications from head and neck cancer and its treatment are lymphedema, fibrosis, dysphagia, and musculoskeletal impairment (6) , which can lead to declined ability to perform daily activities and interact socially, resulting in decreased quality of life.
An ongoing, pragmatic, clinically useful assessment is needed to evaluate patients' symptoms and functional limitations in head and neck cancer to aid in identification of patients who are at risk for delayed or premature termination of treatment, hospitalizations, and long-term functional limitations due to late and long-term symptoms. A pragmatic assessment is defined as a simple touch screen questionnaire that patients can complete in less than 10 minutes while waiting to see their healthcare providers during clinic visits with a goal to minimize patients' burden. To address this need for a clinically useful assessment, we developed the Electronic Patient Visit Assessment (ePVA) that enables patients to report 42 symptoms related to head and neck cancer and 17 limitations of functional status. This manuscript reports (I) the development of the ePVA, (II) the content validity of the ePVA, and (III) the usability and reliability of the ePVA. The ePVA was developed and tested using an iterative process to achieve an efficient, satisfactory experience for the end users.
Methods

Phase I: development of the ePVA
Theoretical framework
In developing the ePVA, the Theory of Unpleasant Symptoms guided the characterization of the two key concepts of the ePVA-symptoms and functional status (see Figure 1) (7) . This theory conceptualizes the symptom experience as an interaction among symptoms, functional status, and influencing factors that may heighten or diminish symptoms. Symptoms were defined as multidimensional experience of perceived indicators of abnormal biological or physiological changes (8) (9) (10) (11) . Dimensions that were common across all symptoms were distress, timing, intensity, and quality (7) . The theory also depicted that symptoms occur alone or in clusters of co-occurring symptoms, creating an additive or even multiplicative impact for the patient (7) . Most important, the Theory of Unpleasant Symptoms portrays functional status as a result of the impact of symptoms. Functional status was defined as the ability to perform activities to ePVA to determine the impact of symptom trajectories on functional status, treatment interruptions and terminations, and health resource use in head and neck cancer. meet basic needs, fulfill usual roles, and maintain health and well-being (12) . Together, symptoms and functional status influence a person's quality of life (13) .
Rigorous systematic literature review
The first step to developing a pragmatic, clinically useful assessment is to identify valid and reliable instruments. Accordingly, we conducted a rigorous systematic literature search of Health and Psychosocial Instruments, PubMed, CINAHL, and PsycInfo databases to identify the instruments that assessed symptoms and functional status in patients with head and neck cancer (Van Cleave JH, Fu MR, Persky MS, et al., unpublished manuscript). This search identified 80 articles that described studies using 112 instruments to assess symptom and functional status in patients with head and neck cancer published between January 1, 2005 and November 1, 2015. These articles consisted primarily of longitudinal/prospective studies (37 of 80, 46%) or cross-sectional studies (24 of 80, 30%), and included participants diagnosed with head and neck cancer from all sites (50 of 80, 63%).
From this systematic review, we found that valid and reliable quality of life instruments exist, such as the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-H&N35 (14) or the Functional Assessment of Cancer Therapy-Head and Neck (15) . We also found that these instruments had properties that limit their use in head and neck cancer clinical practice and research. For example, many instruments were lengthy, complicated, and intended for general cancer populations, which posed unneeded respondent burden for head and neck cancer patients. The instruments contained assumptions on associations between specific symptoms and functional status limitations (e.g., "I cannot eat because of pain"). These assumptions potentially introduced unintentional bias into outcomes. Moreover, the instruments did not fully capture the long-term symptom experience and functional status limitations after treatment for head and neck cancer.
We also investigated the use of measures from two National Institutes of Health initiatives-the Patient-Reported Outcomes Measurement Information System (PROMIS) Initiative (16) and the Patient Reported Outcomes-Common Terminology Criteria for Adverse Events (PRO-CTCAE) (17, 18) . These measures consist of psychometrically tested item banks. For the PROMIS item banks, we found that the items contained in these measures lacked head and neck cancer-specific symptom and function items (e.g., speech, dysphagia, oral pain) (16, 19) . For the PRO-CTCAE items, we found that items were useful for adverse event reporting during clinical trials, but may not capture long term symptoms and functional status limitations that are experienced by patients with head and neck cancer (18) . Hence, it was evident that there was a need to develop a pragmatic patient-reported ePVA for early detection of symptom and functional status for clinical and research purposes that patients with head and neck cancer can easily use.
Identification of items
To identify questionnaire items for the ePVA, the study team reviewed the 112 instruments extracted during the literature review to identify key symptoms and functional status items in head and neck cancer. Study team members independently coded questionnaires to identify items, then met to discuss their findings and resolve differences. From this work, 149 symptom and function status codes were identified, then collapsed into 23 categories. From these 23 categories, nominal questionnaire items using Yes/No responses were developed. The goal of this approach was twofold: (I) to identify the specific symptoms and functional status deficits that patients are experiencing; and (II) to generate a numerical sum of patient-reported symptoms and functional status limitations that is representative of the person's health status (20, 21) . With the development of questionnaire items, the next step was to assess content validity of the ePVA.
Phase II: content validity testing
We conducted quantitative and qualitative content validity testing. Quantitative content validity testing refers to the assessment of the "degree to which a scale has an appropriate sample of items to represent the construct of interest,"(p. 459) (22) . The quantitative content validity test consisted of surveys of ten expert providers or researchers to rate the relevance of each of the ePVA questionnaire items. Expert providers were defined as physicians, nurse practitioners, nurses, physical therapists, speech therapists who had provided direct care for three or more years for patients with head and neck cancer. Expert researchers were defined as persons who have published qualitative or quantitative research studies about head and neck cancer. These providers and researchers rated the relevance of assessment items from 1 (not relevant) to 4 (extremely relevant). Item-Content Validity Index (I-CVI) scores were calculated as the proportion of expert providers in agreement about relevance rating 3 or 4 and adjusted for chance agreement using a modified kappa score (22) (23) (24) .
To achieve qualitative content validity, we conducted cognitive interviews with 15 expert patients between January 2017 and March 2017 to determine their interpretation of questionnaire items based on their symptom experience. Expert patients were defined as patients 18 years and older with histologically diagnosed head and neck cancer experiencing one or more symptoms or functional status limitations from the tumor and/or the cancer treatment. Participants were recruited during or after completion of chemotherapy, radiation therapy, surgery, or combination of these therapies. Because the literature indicates that gender (25) , type of treatment (25, 26) , and length of time from treatment (27) influence the symptom experience, potential participants were identified by purposive stratified sampling based on gender, type of treatment, and length of time from treatment to capture differing perspectives of the questionnaire items (28) . Ultimately, we enrolled 15 participants who were representative of the institution population, where the majority of participants were of the white race (11 of 15), male (9 of 15), and received a range of treatments (immunotherapy alone, chemotherapy alone, surgery alone, radiation therapy or combination of treatments). At the time of the interviews, nine participants were undergoing treatment, while six participants were between 2 months and 5 years from completion of treatment. The interviews consisted of face-to-face semistructured interview questions with verbal probing to assess participants' understanding and interpretation of the assessment items of the ePVA. All interviews were recorded, transcribed, and checked for accuracy.
The study team analyzed data from content validity testing using systematic comparison to determine the relevance of each questionnaire item for early detection of symptoms and functional status limitations of patients with head and neck cancer. Questionnaire items with I-CVI modified kappa scores >0.78 (22) or identified as relevant by one or more participants were retained. After this analysis, 21 categories of symptoms and functions remained (see Table 1 ). In addition, based on recommendations from expert providers, interactive figures were embedded within the ePVA. These figures provided a method for participants to identify the locations of their pain and limited mobility using the touch screen technology. Decisions about questionnaire items were recorded to ensure accurate documentation of the development process. The retained questionnaire items were then entered into a web-based platform, entitled "Touch2Care". This platform was built using Drupal (29) , an open source platform for housing questionnaires. After the system was built, the study team explored the system to detect platform usability problems. After the initial review by the study team, we began testing the system with end users-patients with head and neck cancer-to determine the usability and acceptance of the ePVA.
Phase III: usability and acceptance testing using an iterative process
We tested the usability and acceptance of the ePVA using an iterative process between August, 2017 and December, 2017. Usability evaluation assesses the extent to which a user interface meets five Nielsen's principles for usability-learnability, efficiency, memorability, errors, and satisfaction (30 is that performance of tasks and procedures should be structured in a logical and consistent manner for humancomputer interaction to be effective (31) . To evaluate acceptance, the participants answered two short surveys-The Perceived Ease of Use and Usefulness Questionnaire, and the Post Study System Usability Questionnaire-to rate their satisfaction with ease of use, usefulness, and usability of the ePVA. The study participants, iterative process, and study procedures are described below.
Study participants
After approval of the study by the Institutional Review Board, we recruited participants from a pool of potential subjects that was representative of the future end-userspatients with head and neck cancer. Strategies to protect human subjects were ensured by following the guidelines set forth by the Institutional Review Board that approved this study. Potential participants received detailed information about the study, its investigational nature, the required study procedures, alternative treatments, and risks and potential benefits of the study. The Principal Investigator and researchers were available for potential participants to answer any questions. Ultimately, we enrolled 30 participants, a number sufficient for usability (32) , from an academic medical center in northeastern United States. The participants were 18 years and older with head and neck cancer who had various experiences with computers or touch screen technology. Participants were recruited before, during, or after cancer treatment (surgery, chemotherapy, radiation therapy, immunotherapy, or some combination of these treatments). Because the ePVA was in developmental stage, all participants were English speaking. All participants provided written informed consent. After signing the informed consent, participants were asked to complete the ePVA using a touch screen digital device while thinking aloud about problems that they encountered.
Iterative process
The iterative process consisted of refining the ePVA multiple times based on participants comments during "think aloud" sessions and narrative responses (see Figure 2 ). The "think aloud" method generates direct data representative of the ongoing thought processes of participants as they complete the ePVA (31, 33) . It is thought that the "think aloud" method ultimately results in fewer rounds of revision of the ePVA program compared to other usability testing approaches, while achieving an efficient and acceptable end user experience (31) .
Participant comments were reviewed after each interview, and changes were made to the ePVA before conducting additional interviews. A variety of refinements were made-for example, during the initial think aloud sessions, participants commented on the need to clarify the wording of question items. Participants also asked for specification of the time period for reporting of symptoms. Because research supports that a one week recall period provides a sufficiently accurate representation of daily events (34), the words "in the past 7 days" were placed before each question stem. During this period, software "bugs" were identified and resolved, such as ensuring that all screens began at the top of the page. With this correction, users learned to consistently scroll down to answer each questionnaire item on the page. To tailor the questionnaire to the individual symptom experience, conditional questions were added to the survey. For example, if participants reported shortness of breath, then they would be asked additional questions to numerically rate their current breathing status and to assess whether their breathing was better, worse, or about the same over the past 7 days (35) . Those participants who did not report shortness of breath would not see these additional questions. The iterative refinements also improved the participants' ability to navigate the touch screen technology. For instance, we found that participants undergoing chemotherapy had difficulty with touch sensation. Therefore, the touch screen's sensitivity was enhanced. Participants would also commit errors such as attempting to navigate to the next screen before completing all required questions. Thus, the program was changed to mandate that all questions were answered before participants could navigate to the next screen. Customized error messages were then implemented to inform participants of any errors. The goal of these refinements was to improve the ePVA's information quality, system usability, precision assessment, and system interface to provide a satisfactory experience for the end users.
Study procedures
After finishing the ePVA, participants completed a heuristic evaluation checklist to rate the usability of the system (no usability problem, minor usability problem, major usability problem, and usability catastrophe). The participants also answered two short surveys-The Perceived Ease of Use and Usefulness Questionnaire, and the Post Study System Usability Questionnaire-to rate their satisfaction with ease of use, usefulness, and usability of the ePVA. Finally, the participants underwent short narrative interviews, answering questions such as "What do you like about the ePVA?" and "How can we improve the system?". All patient interviews were audio recorded, transcribed, and checked for accuracy.
Phase IV: reliability and validity testing
Using data from the usability study, internal consistency of the ePVA and its subscales was assessed using Kuder and Richardson Formula 20 reliability measure, an adaptation of Cronbach's alpha for nominal data (36) The target goal was an internal consistency score >0.70. The convergent validity of the ePVA and its subscales were determined 
Evaluation instruments Demographic information
Each participant completed a short questionnaire regarding their demographic information, English capability and computer/internet experience and use.
T h e P e r c e i v e d E a s e o f U s e a n d U s e f u l n e s s Questionnaire
This instrument was used to evaluate the participants' satisfaction with the ease of use of the ePVA (32, 37, 38) . This questionnaire is an eight-item scale that evaluates users' acceptance of a new information system. The theoretical basis for the use of this questionnaire for this study was that perceived ease of use and usefulness are two key determinants of whether individuals will adopt new technology. The questionnaire consisted of a Likert scale ranging from 1 (strongly agree) to 5 (strongly disagree). This questionnaire has demonstrated reliability and validity in evaluation of perceived usefulness and ease of use of information technology (37) . The questionnaire has been successfully used to evaluate the usability of a patient-centered, web-andmobile-based educational and behavioral health IT system focusing on self-care strategies for lymphedema symptom management (32) . For this study, a modified version of the questionnaire was used to evaluate the ePVA. The Cronbach's alpha for this current study's modified version was 0.82, demonstrating acceptable reliability.
The Post Study System Usability Questionnaire
This instrument was used to assess participants' satisfaction. The questionnaire is an 11-item Likert scale developed at IBM to subjectively measure the user's satisfaction with a technology system. The scale consists of a Likert scale ranging from 1 (strongly agree) to 7 (strongly disagree) (39) . The questionnaire has demonstrated reliability and validity to assess user satisfaction with IBM technology (39) . The questionnaire has been successfully used to assess user satisfaction with web-and-mobile-based educational and behavioral health IT system focusing on self-care strategies for lymphedema symptom management (32) .
For this current study, we used a modified 11-item scale to assess three concepts of participants' satisfaction with the (40) .
Data analysis
Descriptive statistics, consisting of means and frequencies, were calculated using SAS ® 9.4. Analysis of participant interviews was conducted using a directed content analysis approach, where initial coding categories were based on key concepts from previous research categories (41) . Throughout all phases of coding, two study team members worked independently to evaluate each transcript. Group meetings were held to discuss findings and resolve differences. Reliability and validity during the qualitative analysis were ensured through group coding of themes, recording of meeting minutes, and memos of decisions.
Results
Participant characteristics
Thirty participants completed the ePVA and evaluation questionnaires (see Table 2 ). The participants who completed the ePVA were representative of the population of the study institution and of those diagnosed with head and neck cancer. The mean age was 61.3±11.7. The population was primarily male (67%), white (70%), had post high school education (81%), and were diagnosed with oral cavity or pharyngeal cancer (63%). Most participants were diagnosed with stage IV or had recurrent cancer (57%). A little over half (53%) were undergoing chemotherapy, radiation therapy, or a combination of treatments at the time they completed the ePVA. The majority of the study participants reported almost none, some, or functional computer skills (63%, 19 of 30).
Heuristic evaluation checklist
Among the 30 participants, 10 (33%) reported minor usability problems (see Table 3 ). No participants reported major usability problems or usability catastrophes. The heuristic evaluation also demonstrated that the iterative process of refinement of the ePVA resulted in fewer participants reporting usability problems over the course of the study. By the last three participants, no usability problems were reported.
End-user acceptance evaluations
Participant responses to The Perceived Ease of Use and Usefulness Questionnaire (see Table 4 ) demonstrated that 90% of participants strongly agreed or agreed that the ePVA was easy to learn and easy to use (strongly agree: 37%, 11 of 30; agree: 53% 16 of 30). Further, 97% of participants strongly agreed or agreed that their interaction with the system was clear (strongly agree: 40%, 12 of 30; agree: 57%, 17 of 30). In response to the Post Study System Usability Questionnaire (see Table 5 ), 90% of participants agreed or strongly agreed that they were satisfied with how easy it was to use the system (strongly agree: 43%, 13 of 30; agree: 47%, 14 of 30). In addition, the participants identified that the ePVA could be used as a method to report their symptoms, where 70% of participants strongly agreed or agreed that they could learn how to use the ePVA to report their symptoms (strongly agree: 33%, 10 of 30; agree: 37%, 11 of 30).
Qualitative findings
Three main themes emerged from the qualitative data analysis. Reflecting the responses to the evaluation questionnaires, the three themes were the simplicity of the ePVA, the ease of use of the ePVA, and the potential use of the ePVA for patient advocacy for their needs (see Table 6 for representative quotes). Very good/outstanding 11 [37] What is your English capability-understanding?
Almost none/some/functional 4 [13] Very good/outstanding 26 [87] What is your English capability-reading?
Almost none/some/functional 3 [10] Very good/outstanding 27 [90] What is your English capability-speaking?
Almost none/some/functional 5 [17] Very good/outstanding 25 [83] What is your English capability-writing?
Almost none/some/functional 6 [20] Very good/outstanding 24 
Symptoms and functional limitations
The analysis of the data generated by the ePVA found that the ePVA could capture symptoms and functional status limitations that are common in head and neck cancer (see Table 7 ). The most prevalent symptoms reported by participants were mouth symptoms (93%), fibrosis (60%), and fatigue (60%). The most prevalent functional status items reported by participants were anxiety (53%), difficulty sleeping (50%), swallowing (50%), and limited activities of daily living (50%).
Reliability and validity testing
The symptom and functional status subscales of the ePVA demonstrated good reliability with internal consistency measurement scores of 0.82 and 0.85, respectively. As hypothesized, the analyses found that the number of patient-reported symptoms and functional status limitations collected with the ePVA were significantly and negatively correlated with the EORTC QLQ-C30 global QoL/health scale (r=−0.55038, P<0.01), supporting the convergent validity of the ePVA (see Table 8 ).
Discussion
Patients with head and neck cancer suffer distressing symptoms that lead to poor quality of life. The findings from this study support that the ePVA is a reliable, valid measure that study participants found simple and easy to use. Further, from both surveys and interviews, participants underscored that the ePVA could serve as a useful tool to report their symptoms and functional status from head and neck cancer and its treatment. This use of the ePVA as a tool for patients to report symptoms and functional status holds great potential to achieve early detection of and intervention for symptoms with potential to not only prevent interruption or premature termination of treatment, but also to improve (42) . With the rapid innovations in technology, patients can now complete web-based questionnaires at home or in the office. This information can be sent electronically to providers and used to enhance communication between providers and patients during office visits. In this manner, the ePVA can be used for early detection and intervention for advanced, escalating symptoms to improve quality of life and increase length of survival (42) (43) (44) .
The simplicity and ease of use of the ePVA makes it a useful tool for research in head and neck cancer and mHealth. The ePVA can be used for longitudinal studies of the symptom trajectories experienced by patients with head and neck cancer to detect the critical time points for interventions to prevent chronic advanced symptoms and long-term disability. Further, the ePVA can be used to determine the impact of symptom trajectories on function, treatment interruptions, and health resource use in patients with head and neck cancer. For mHealth studies, the ePVA can be used to evaluate how best to integrate webbased patient-reported outcomes into electronic health records (45) . Further, the ePVA can be used in studies that determine patients' desires of how and when to share their data from web-based applications.
Strengths and limitations
This study contributes to the mHealth literature by demonstrating the successful implementation of usability and acceptance testing of the ePVA that engages patients and healthcare providers in the process of developing and testing mHealth technology. The other strengths of the study include its strong theoretical base and evidence from a rigorous comprehensive literature review. Finally, the use of an iterative process to refine a web-based patient-reported symptom and function assessment is a great strength. We Table 6 Qualitative analysis
Themes
Representative quotes Simplicity of questionnaire • "Just very simple. Straight forward"
• "I agree that it's simple to use" Ease of use • "Easy to navigate"
• "You don't have to write"
• "…user friendly"
• "It was easy to do" Potential use of patient advocacy • "…made me aware of [symptoms]"
• "[Questionnaire] help[s]…if you don't know what question to ask" believe that this iterative refinement during the usability testing provided a more efficient process in the development of the ePVA, ultimately requiring fewer patient interviews to produce an acceptable experience for patients with head and neck cancer. In addition, this approach enabled us to incorporate the patients' needs and desires into the design of the ePVA, which will facilitate adoption of the ePVA for clinical use. This study also has limitations. Although the study population does include some patients from the public hospital associated with the institution, this study should be considered a single-site study. Further, the majority of the study population consisted of an educated population with functional or good computer skills. Thus, the generalizability of the study findings may be limited.
Conclusions
Results from the three phases of developing and testing the ePVA demonstrate that the ePVA is easy to use, accepted by patients with satisfaction, and demonstrates acceptable reliability and convergent validity. Future research studies include using data generated by the ePVA to determine the impact of symptom trajectories on functional status, treatment interruptions and terminations, and health resource use in head and neck cancer. Future research using the ePVA should also identify longitudinal trajectories of symptoms in head and neck cancer and determine the impact of symptom trajectories on quality of life in patients with head and neck cancer. Total sum score −0.55038* 0.95600** 0.90955** *, P<0.01; **, P<0.001.
